Background: Children from low-income families may be subject to high exposures to polycyclic aromatic hydrocarbons (PAH) which can lead to respiratory disorders. This study aims to establish methods for assessing total PAH exposure of asthmatic and non-asthmatic children from low-income families; to estimate serum PAH concentrations of these children, and to estimate the relative importance of the environmental pathways for PAH exposure. Materials and Methods: A total of 75 (61 asthmatic, 14 non-asthmatic) Saudi children 15 years old and below were included to participate in this crosssectional study. Each participant answered a generalized questionnaire with dietary questions. Serum PAH were measured using HPLC with UV detection. Results: Serum naphthalene and pyrene were significantly elevated among asthmatic children (p-values = 0.007 and 0.01, respectively). Serum acenaphthylene, fluorine and 1,2-benzanthracene, on the other hand, were significantly higher among non-asthmatics (p-values = 0.001, 0.04 and 0.03, respectively). There was a significant correlation between the presence of a smoker in the family and serum concentrations of carbazole, pyrene, 1,2-benzanthracene and benzacephenanthrylene (R = 0.37, 0.45, 0.43, 0.33; p-values = 0.01, 0.0002, 0.003 and 0.025, respectively). Significant correlations were elicited between daily meat intake and serum levels of acenaphthylene, benzopyrene and 1,2-benzanthracene (R = 0.27, 0.27, 0.33; p-values = 0.02 and < 0.001, respectively). Conclusion: Among the children, serum PAH were significantly correlated to meat intake as well as presence of smokers at home. Public health awareness should be enhanced by educating parents to take certain precautions at home, such as preventing indoor smoking and reducing the intake of grilled and smoked meat by children so as to decrease their exposure to carcinogenic PAH.
INTRODUCTION
Bronchial asthma is among the most common chronic illnesses of childhood. A number of reports in the recent past suggest that the prevalence of asthma is increasing globally. The comparison of data between Riyadh and Hail (inland desert dry environment) versus Jeddah and Gizan (coastal humid environment) revealed that the prevalence of asthma in the similar populations increased significantly from 8% in 1986 to 23% in 1995 [1] .
Asthma continues to cause considerable disability in children and adults around the world. It is the most common chronic disease of childhood and an important cause of absence from school and reduced participation in sports and other activities [2] . Several studies, for example in UK and Australia, have revealed a substantial increase in the prevalence of the disease among children over the last 3 decades [3] [4] [5] [6] [7] [8] . While some of this maybe due to changes in diagnostic practice, there is general agreement that the increase in the prevalence of symptoms is a true phenomenon [9] [10] [11] . The change seems to be associated total PAH levels in children with and without asthma in low-income families; to estimate the PAH exposures of these children, and to estimate the relative importance of the environmental pathways for PAH exposure.
MATERIALS AND METHODS
A total of 75 (61 asthmatic, 14 non-asthmatic) Saudi children, 15 years old and below, were included to participate in this cross-sectional study. The subjects were recruited in the pediatric out-patient department of King-Abdul-Aziz University Hospital, Riyadh, Kingdom of Saudi Arabia. No drop-outs were recorded. The parent or guardian of each child was asked to answer a questionnaire consisting of demographic information which included dietary questions, area of residence (near the factory, high-traffic area, etc.), presence of a smoker at home and other pertinent questions related to asthma. Asthma was based on established pediatric diagnosis and medications taken. Since most of the subjects were asymptomatic during the course of the study, parents were asked if the child had history of wheezing upon exhalation, frequent episodes of chest tightness and hyperexpansion of thorax with use of accessory muscles. They were asked about allergic responses and triggers, such as smoke, changes in weather, exercise, animal furs, etc. Blood samples were collected from the antecubital vein. A 10ml disposable plastic syringe with a 21 gauge needle was used for each subject selected for blood testing and 6 ml of blood were transferred into a plain venoject tube. Samples were centrifuged for 20 minutes at 3000 rpm and serum was separated. Serum samples were then placed in plain tubes for measurement of PAH levels. Anthropometric data, including height, weight and BMI were also recorded.
Preparation of PAH samples
For each sample, 0.5 ml of serum was added to 0.5 ml of methanol and vortexed for 10-20 seconds. Then, 5 ml from the mixture of 1:1 hexane:diethyl ether was added and vortexed for an additional 1 minute. It was then centrifuged at 3000 rpm for 5 minutes. Supernatant was removed and transferred to new tube for repetition with changes in lifestyle [12] [13] and this is supported by studies which have shown an increased prevalence of asthmatic symptoms among people who have moved from a traditional to a more westernized style of living [14] [15] [16] [17] . The disease is now reaching epidemic proportions in westernized countries. Living in high traffic areas and exposure specifically to diesel exhaust particles (DEP) have been associated with increased respiratory symptoms and impaired lung function in children [17] [18] [19] [20] [21] . DEP is formed mainly of elemental carbon particles to which organic compounds, including polycyclic aromatic hydrocarbons (PAH) are absorbed. PAH, on the other hand are a family of organic compounds produced during the incomplete combustion and pyrolysis of organic material, such as coal, wood, fuel, garbage, tobacco and meat. A major source of ambient PAH in the United States and Europe is believed to be motor car engine emissions, particularly in the urban areas [22] [23] [24] . Vehicles reported to have the highest PAH emission rates are diesel engines, and gasoline engines operated without catalytic converters [23, 25] . In urban environments, industrial operations, waste incinerators, and residential boilers are also important sources of ambient PAH (Agency for Toxic Substances and Disease Registry) [26] . New data bolsters already staggering evidence linking in utero exposure to cigarette smoke with long term health impairments. In addition to its established hazards to the fetus, maternal (including pre-delivery) smoking has now been shown to increase the risk of diabetes and obesity, criminal behavior and substance abuse in adults [27, 28] . We hypothesize that exposure to the PAH, derived from local emissions from diesel and non-diesel motor vehicles, as well as residential heating, power generation, factories, tobacco smoking and other combustion sources, is associated with adverse respiratory outcomes, such as asthma symptoms in young children. Children in low-income families may be subject to high exposures to polycyclic aromatic hydrocarbons (PAH). Such exposures could result from household proximity to heavy traffic or industrial sources, tobacco smoke, house dust or soil contaminants, among other things. The objectives of this study were: to establish methods for measuring serum Table 1 highlights the anthropometric characteristics and serum PAH levels of subjects according to presence of asthma. All the children fell within the normal BMI based on the international BMI cut-off points for children [29] .
Fluoranthene and acenaphthene traces were not evident in both groups as well as naphthalene among non-asthmatics. Serum naphthalene Levels of the same PAH compounds were not correlated to patients who lived near the main street. Significant correlations were elicited between daily meat intake and of steps 2 and 3 (addition of mixture and centrifugation). The supernatant following the last centrifugation was then transferred to another tube where a small amount of sodium sulphate anhydrous was added to the solution. The solution was then collected in a new tube using 0.45 µm syringe filter. This was subjected to complete evaporation by N 2 until dry. Then, 1 ml of acetonitrile was added to the dried tubes. Thus prepared samples were then analyzed using highperformance liquid chromatography (Shimadzu, Japan) using UV detection (254 nm). Column used was Pinnacle PAH 5 µm 250×4.6 mm (RESTEK). Mobile phase used was acetonitrile under varying concentrations with water at flow rate of 2 ml/ml. Concentrations of the unknown samples were calculated as: 
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Written and informed consent was obtained from the parents/guardians of each participant prior to inclusion. Consents were also taken from the adolescent subjects. Both the parents/guardians and the subjects were given full relevant information about the study before they were asked to give their consent. Ethical approval was obtained from the ethics committee of the College of Medicine Research Center in King Khalid Hospital, King Saud University Riyadh, Kingdom of Saudi Arabia.
Statistics SPSS version 11.5 (Chicago, Illinois) was used for the statistical analysis of data. Data were presented as mean ± standard deviation for normally distributed variables and mean (range) for variables that were not normally distributed. Mann-Whitney U test was used for comparison of PAH variables because of their non-Gaussian distribution. Spearman correlation coefficient was used for determination of associations existing between serum PAH and variables of interest. Significance was set at p < 0.05. 
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214 serum levels of acenaphthylene, benzopyrene and 1,2 benzanthracene (R = 0.27, 0.27, 0.33; p-values = 0.02, 0.02 and < 0.001, respectively) (see Table 3 ). Figure 1 demonstrates the trace of PAH standards with their corresponding peaks. Figure 2 illustrates the trace of an unknown sample.
DISCUSSION
Polycyclic aromatic hydrocarbons are well established carcinogenic, mutagenic and teratogenic agents. Exposure of children to such compounds in the environment as well as through dietary intake increases the likelihood of developing e.g. asthma and related respiratory diseases.
To our knowledge, no study has been undertaken in the Kingdom and in the Middle East, designed to assess the impact of such agents on children and establish a standard methodology for the determination of polycyclic aromatic hydrocarbons using blood serum instead of conventional environmental/biological samples. Therefore, this study attempts to find significant factors that lead to increased risk of PAH exposure among Saudi children of low-income families living in the urban setting. Asthma attacks are triggered by a multitude of factors which include sudden changes in environmental temperature, exercise or exertion, or emotional stress. In children, however, the most common causes are viral infection and exposure to environmental stimulants such as dust particulates and other allergens. In a recent study Gevao and colleagues have established that the estimated human nondietary exposure from dust contributes to 42% of PAH in children and 11% only in adults, and thus the children are at a greater risk in spite that they are not exposed additionally to tobacco smoke or dietary PAH [30] . It is apparent in our study that children living with relatives who smoke at home, or merely staying in the same room with a smoker, are at a considerably higher risk of having elevated serum PAH levels, since it is well established that smoking is a direct contributor to PAH exposure among humans [31] [32] [33] . While there is little definite evidence that tobacco smoke exposure during childhood is a strong risk factor for liquid chromatography with UV-detection. Among the examined children, serum PAH were significantly correlated to meat intake as well as presence of smokers at home. Naphthalene and pyrene were significantly higher among asthmatics than non-asthmatics, although levels of certain PAH were higher among non-asthmatics, suggesting factors other than the presence of asthma. Further studies, in a larger scale and in a prospective approach, are required to validate the results of this study. Public health awareness should be enhanced to educate parents to take certain precautions at home, such as preventing indoor smoking and reducing the intake of grilled and smoked meat by children to decrease their exposure to carcinogenic PAH. triggering asthma, there is good evidence that exposure to environmental tobacco smoke (ETS) exacerbates existing asthma symptoms and is associated with persistence of wheezing that continues during adolescence or even adulthood [34] . Miller and colleagues report that early exposure to airborne PAH and environmental tobacco smoke can lead to increased respiratory symptoms and probable asthma even as early as at the age of 12 to 24 months [35] . Passive smoker children therefore may develop an allergic or inflammatory pulmonary response and increased DNA damage due to direct contact with PAH and ETS [36] [37] . However, the question whether these elevated serum PAH levels can trigger an acute asthmatic attack is difficult to answer in the present study. Further studies using markers of pulmonary inflammation in asthma are needed to confirm such findings. Another relevant factor is the intake of meat, particularly red meat, and it is significantly correlated in our study with certain PAH, particularly benzopyrene. This is in agreement with the findings of Reinik and colleagues who analyzed 322 commercial cured meat products and 14 home-grilled meat samples and found out significant PAH intake from smoked and grilled meat products [38] . PAH are formed during grilling and barbecuing meat; they are found in cured meats and smoked foods, while their intake has been linked also to increased risk of colorectal adenoma [39] . This study has several limitations. The cross-sectional design could have resulted in a dietary recall bias among parents who filled out the questionnaire especially if it was the household keeper who had a more accurate knowledge of what the children were actually eating. Other well known risk factors of exposure to PAH, such as socio-economic status, were not included in the questionnaire and, therefore, could not be confirmed or rejected in the conclusions of this study. Furthermore, other factors for asthma aside from the ones quoted above were not included, such as presence of hairy pets, family history of atopy, duration of ETS exposure, indoor air dust and other significant allergens such as diesel exhaust particulates. In summary, our study was able to determine serum levels of polycyclic aromatic hydrocarbons using high-performance
